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ARM! For th e  future :
adaptive  re source  m anage m e nt

in th e  w ildlife  profe ssion

Rich a,rd  A. Lanciu , Clait E. Braun, Mich ael I?? CoUopy,  Raym ond D. Dueser,
Joh n G. Kie, Cliflord  J. Martink a, Jam es D. Nich ols, Th om as D. Nudds,

W ayne R. Porath , and Nancy G. Tilgh rnan

Th e  auth ors encourage  w ildlife  profe ssionals to sh ift from  a traditional,
agricultural paradigm  to an e cological one  th rough  adaptive

re source  m anage m e nt (ARM).

Th e  w ildlife profess ion h as a longestablish e d  tm di-
tion of e xam ining and  d e bating th e  quality and d ire ction
of w ildlife  re s earch  (Sch effe r 19 76, R om esburg 19 81,
Bailey 19 82, McCabe  19 85, Capen  19 89 , Nudd s  and
Morrison 19 9 1, Lancia et al. 1333). This introspection is
good, for it encourages  th e profess ion to im prove  and
m ature . In th is  essay, w e provide  w h at w e  h ope  w ill b e
a significant m ilepost in th at process  by advocating a
general ph ilosoph y and protocol for w ildlife  re s earch
and  m anage m ent. R ath e r th an articulating a List of spe-
cific re s earch  priorities  and  re ite rating th e  ne ed  for ad-
ditional re s earch  m oney, w e  e ncourage  an encom pass
ing, fundam ental sh ift th at w ill prom ote  m ore  e fficient
use of current re s earch  and  m anage m ent dollars.

O ver th e  last s eve ral years, various groups and
m any individuals inte re sted in th e  m anagem ent of
natural re source s  h ave  recogniz e d  a ne e d  for reform
in natural re sources -related  re s earch . Th ese  includ e
th e  Ecological Society of A m e rica’s Com m itte e  for a
R e s earch  A genda for th e  19 9 0’s (Lubch enco et al.
19 9 1),  th e  National R e s earch  Council’s Com m itte e

on Fore stry R e s earch  (Com m . For. R e s. 19 9 0)  th e
Society of A m e rican Fore ste r’s Task  Force  on Sus-
taining Long-te rm  Fore st H e alth  and  Productivity
(Sot. A m . For. 19 9 3) and  m any oth e rs (Brussard
19 9 1; Brussard  and Eh rlich  19 9 2; Levin 19 9 2a,!~ ;
Levin 19 9 3). Th e re  appears to b e  a general consen-
sus th at ch ange i s  due.

Furth e rm ore , inten s i fying political d e b ate s
about m anagem ent of natural re source s  (e.g., tim -
b er h arvests and  ancient fore sts, sustainable  d evel-
opm ent, and th e pre s e rvation-conservation of bio-
d ive rsity) call for integrated  re s earch  and  m anage-
m e n t to ad d re s s  unce rtainty in w ild life  and
ecosystem  m anagem ent, and th e reby am eliorate
controversy in th e  future  (Clark  19 9 2, Lud w ig et
al. 19 9 3, Lud w ig 19 9 4). R e s e arch  and  m anage -
m ent can no longe r afford  to b e  “tw o solitude s”;
distinctions betw een basic and applied  re s earch
h ave  b lurre d  (Nud d s  19 79 , Moffatt 19 9 4). Th e
central issue is th e  application of sound scientific
principles  to solve problem s.
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Pe rspe ctive
As  a profess ion, w ildlife  m anagem ent is not particu-

larly new . but it is increasingly becom ing a field  bas ed
on th e  relatively young science  of ecology. H istorical
gains in k now ledge  h ave  resulted  from  im proved  te ch -
niq ues. b ette r und e rstanding of th e  b iology of organ-
ism s, and  m ore  e xpe rience in assess ing th e  e ffects of
m anagem ent on particular populations. com m unities,
and  ecosystem s. H ow eve r, additional re s earch  is nec-
e s sary to b ette r und e rstand  h ow  proces s e s  relate  to
structure in th e  m aintenance  of ecosystem s (e.g.,
Sw ank  and  Van Lear 19 9 2 and pape rs collected
th e re in). If th e  d ive rsity or abundance  of all w ildlife
species  and  th e  environm ents upon w h ich  th ey de -
pend are  to be sustained, th en w e  m ust continue to ad-
vance  our k now ledge  of proces s e s  th at underlie func-
tioning ecosystem s and  th e  consequence s  of m anage -
m ent activiti e s  (Trauge r and  H all 19 9 2). Th e s e
ad vances in k now ledge  can only be m ad e  th rough
conscious efforts to conduct sound, scientific re s earch
on th e  b iology of w ild species, th e ir environm ents,
and  th e proces s e s  th at underpin species  dive rsity and
abundance in space  and  th rough  tim e . Th is  need i s  es -
pecially great b ecause th e  global h um an population is
increasing and exerting greate r d em and  on local, re -
gional, and  global environm ents (Morow itz  19 9 1).

W ildlife  re se arch : contributions,
gaps, and m aturation

of a discipline
A ld o Leopold  (19 33) is cred ite d  w ith  creating th e

profess ion of m od e rn w ild life  m anagem ent in th e
Unite d  States  w ith  th e publication Gam e  Manage -
m ent. In th e  e nsuing 60 years, w ildlife b iologists h ave
add ed  m uch  to our und e rstanding of th e  b iology of in-
dividual species, e specially th os e  th at are  h unted  or en-
dange re d  (Trauge r and  H all 19 9 2). Com parative ly less
is k now n about nongam e  and nonendange red  species,
and  w ith in th is group re s earch  h as focused on large ,
conspicuous ve rtebrate s  (Griffith  et al. 19 89 , Trauge r
and  H all 19 9 2). W e  k now  a lot, for instance , about lo-
cal h abitat use (e.g., w h ich  h abitats are  used by a given
species), w e  k now  less  about local h abitat s election
(e.g., given a num ber of available  h abitats, w h ich  are
ch osen), and  w e  k now  little  about h abitat-specific vari-
ation in fitness (e.g., h ow  individual fitness varies
across landscapes of diffe rent h abitats and  h ow  such
variation affects th e dynam ics of populations at large
space  and  tim e  scales). Sim ilarly, w e  k now  little  about
h ow  and  w h y species  dive rsity varie s  am ong h abitats
(Pim m  and  Gittlem an 19 9 2, Trauge r and  H all 139 2).

Yet, th is k now ledge i s  crucial to m ak ing inform ed  and
justifiable  m anagem ent d ecisions about h abitat protec-
tion, conservation, or enh ancem ent (Van H om e  19 83.
Pulliam  19 88, Mare s  19 9 2).

In som e  case s , patte rns of h abitat use h ave been in-
corporated into sim ple  h abitat-relationsh ip m od els.
Th e s e  m od els ch aracte riz e  th e  h abitats used by a
great variety of species in various geograph ic regions;
th ey can be used to pred ict w h e re  species  are  lik ely
to b e  found  and  h ow  m anagem ent actions w ill affect
h abitat. H ow eve r, such  m od els are  rarely te ste d  for
th e ir reliability (Conroy 19 9 3).

W ildlife b iologists also h ave  le arne d  m uch  about th e
dynam ics of w ildlife populations, particularly th e  per-
sistence  of sm all or d eclining endangered populations,
th e  e xploitation of h unted populations to ach ieve  ce r-
tain h arvest goals, and  th e  control of species  th at cause
dam age. In som e  case s  w e  h ave be en  able  to e stim ate
vital rates  (fecundity, survival, m ovem ent) th at d ete r-
m ine population ch ange  and  h ave incorporated  our
k now ledge  of population dynam ics into q uantitative
m od els th at project population responses to diffe rent
m anagem ent scenarios (Conroy  19 9 3). A gain, fe w
m od els h ave be en  te sted; of th os e  th at h ave , fe w  yield
pred ictions of sticie nt accuracy to justify th e ir use in
m anage m ent (Conroy 19 9 3). Population viability
analysis h as  em e rged  as a tool to d ete rm ine h ow  large
a population m ust b e  or h ow  m uch  h abitat i s  needed
to ensure population survival in th e  near future  (Boyce
19 9 3). H ow eve r, m uch  unce rtainty is associated  w ith
th e s e  extinction probabilities.

A lth ough  w ildlife b iologists k now  a lot about th e  d i s -
tribution and dynam ics of populations of individual
species, th ey k now  significantly less  about th e  struc-
ture  and  function of com m unities  and  ecosystem s, in-
te rspecific inte ractions such  as predation and  com peti-
tion, and  oth e r fundam ental processes  such  as th e  fre -
q uency and intensity of di sturbances  th at sh ape
ecosystem  structure. Understanding th es e  proces s e s
m ay le ad  to th e  d i scove ry of basic e cological principles
th at w ould perm it reliable pred ictions (R om esburg
19 9 1).

W ild life  re s earch  h as k ept pace  w ith  and  con-
tributed  to d eveloping tech nologies used in re s earch
and  m anagem ent. For exam ple , w e  h ave  telem etry
system s th at can acq uire  and  transm it locational,
ph ysiological, and be h avioral d ata to com pute rs for
storage  and  analysis. Th ese  system s enable  routine
track ing via satellite  of individual te rre strial or m arine
anim als m oving across vast distances. New  tech nolo-
gie s  continue to b e  d eveloped  for spatial data collec-
tion and  analysis; ne w  m eth ods  for th e  genetic analy-
sis of individuals and populations; enh ancem ents in
com puting pow e r and  associated  statistical and  m od-
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cling  capabilities; and new  generations of tech niq ues
to e stim ate population siz e s , m ortality rate s , and
oth e r population ch aracte ristics. Som e  of th is new
tech nology h as stim ulate d  d ata collection on large
spatial scales  and  h as vastly increas ed  th e  am ount of
data available  for analysis. Add itionally, from  a socio-
econom ic pe rspective , w e  are  b eginning to learn
m ore  about h ow  h um ans relate  to and  value w ildlife
and  oth e r nonm ark et am enity re source s.

Th us. w ildlife  re s earch  is progressing, as any scien-
tific d i scipline m ust. th rough  th e  stage s  of obs erva-
tion and  d e scription, to th eory form ation. To grow ,
w e  m ust ad vance  to te sting th eories  (R atti and  Gar-
ton 19 9 4). W e  can describe w h at anim als do and
w h e re : w e  h ave  accum ulated  an enorm ous array of
observations and “facts”; w e  h ave incorporated  th is
inform ation into concepts and  h ypoth e s e s  about
h ow  and  w h y th e natural w orld b e h aves  as w e  ob-
s e rve it to: and  w e  h ave used  th e s e  concepts and  h y-
poth e s e s  to m ak e  educated  gues s e s  about th e  results
of m anagem ent actions. H ow eve r, for th e profess ion
to fully m ature , such  inform ation m ust give  rise to
k now le d ge . O ur d e s criptions of w h at h appens ,
w h en, and w h e re , m ust lead us to b ette r e xplana-
tions for w h y th ings h appen. W e  m ust d evelop a b et-
te r pred ictive  capability about th e  e ffects of pe rtur-
bations, natural or h um an-caused, on biological sys-
tem s (R om esburg-i9 81,  Nudds and  LMorrison  19 9 1)
by te sting explanatory h ypoth e s e s  as rigorously as
possible  (Macnab 19 83, Sinclair 19 9 1, Nich ols 19 9 1).
Such  te sting w ill eventually lead  to im proved  k now l-
edge  about th e  structure  and  function of ecosystem s,
and  m anagem ent d ecisions th en m ay be guided  by
such  k now ledge. Moreover from  legal and  eth ical
points of view , scientists m ust conduct th e  ve ry best
scientific analyses possible  (Murph y and Noon 19 9 1,
Nich ols 19 9 1),  regard less  of th e ir pe rspective  of th e
role  of science  or h ow  it is conducted  (Murph y 19 9 0,
D re w  19 9 4, M ad d ox 19 9 4, M os q uin 19 9 4) or
w h eth e r scientists sh ould b e  advocates  (D e ck e r et al.
19 9 1, Brussard  et al. 19 9 4, Noss 19 9 4):

A paradigm  sh ift
W ildlife  m anagem ent d eveloped im plicitly, if not

explicitly, in th e  context of an “agricultural para-
digm ” -one  th at em ployed s im plifi ed  concepts of
ecosystem s in an attem pt to increase yields  (e.g.,
Lavigne  19 9 1a,b; Nudds and  Clark  19 9 3:lSO ). W e
w anted  to produce  abundant num bers of ce rtain
species  for h arvest, just as range  m anage rs w anted  to
grow  m ore  forage  for livestock , fore ste rs w anted  to
produce  m ore  fiber from  tre e s , and  fish e rie s  m anage rs
w anted  to exploit m axim um  yields  of fish  (H alt and

Talbot 19 ’8). O ur scope  w as rooted in local issues
over sh ort tim e  h ori zons. Th at productionconsum p-
tion m od el usefully served  our profess ion for a long
tim e .

Expansion of th e  agricultural paradigm  to an eco-
logical paradigm  m ust b e  a m ajor priority for w ildlife
re s earch  and  m anagem ent in th e  future  (D e Graaf and
H ealy 19 9 3:24). Th is w ill allow  our profess ion to go
beyond single species  m anagem ent and  em brace
conservation of all species  and  m aintenance  of ecosys-
tem  functions (Sch effe r 19 76, H olt and  Talbot 19 78).

Just as agriculture  and  fore stry (Jack son and  Piper
19 89 , Espy 19 9 3:7-8,  Sot. A m . For. 19 9 3) are  re aliz ing
th e  ne ed  to sh ift tow ard  an “ecological pandigm “ th at
focuses on k ey system  inte rrelationsh ips of function-
ing ecosystem s upon w h ich  sustainable  re source  e x-
traction d epends; so too m ust w ild life  re s earch  and
m anagem ent. Th is  does not, inde ed, it cannot m ean
th at h um ans w ill stop exploiting ecosystem s. It m eans.
sim ply, th at w e  m ust broaden our view  to include m ore
of th e  “ecological s ervice s” th at ecosystem s provide.

Incre ased  use  of
h ypoth e tico-deductive  scie nce

To m e et th e  ch allenges  of th e  future , w ild life  re -
s earch  m ust continue to m ak e  m ore  and  b ette r use of
th e  scientific m eth od  (Murph y 19 9 0, D re w  19 9 4,
R atti and  Garton 19 9 4). LMuch  h istorical w ild life  re -
s earch  h as relied h e avily on induction (e.g., use of re -
peate d  obs ervations to recogniz e  patte rns and  d e -
velop law s of association) and  retroduction  (a poste-
riori  d evelopm ent of h ypoth e s e s  to explain observed
patte rns), but th e s e  approach e s  h ave not led  to a sat-
isfactory accum ulation of reliable  k now ledge  (R om e +
burg 19 81). H ow eve r, substantial gains in reliable
k now ledge  s h ould accom pany an increased use  of h y-
poth etico-deductive  science in w ildlife  re s earch  and
m anagem ent (R om esburg  19 81, 19 9 1). Steps in th is
approach  includ e  th e  collection and  assim ilation of
observations, developm ent and specification of a h y-
poth es i s  about th e  obs ervations, deduction of te stable
pred ictions, developm ent and enactm ent of a suitable
test, and use  of resulting observations to te st deduced
pred ictions (R atti and  Garton 19 9 4).

To te st h ypoth e s e s  at tem poral and spatial scales
th at are  relevant to w ild life  m anagem ent problem s
and  adequate  for gaining reliable  k now ledge , w ildlife
re s earch e rs and  m anage rs m ust collaborate  to tak e
b ette r advantage  of planned  m anagem ent actions and
m anipulations (Macnab 19 83, Nudd s  and  Morrison
19 9 1, Lancia et al. 19 9 3). Th is approach  can be used,
for exam ple , to te st h ypoth e s e s  about th e presum e d
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effects of policies regarding harvest rates. predator
removal. or habitat alteration. which are of interest to
managers and to practitioners of “basic” and “ap-
plied” research. These “management experiments”
lie at the crossroads of .‘policy science” (Clark 1992)
and the science of resources management; related re-
source management fields are also moving to em-
brace the concept (Loucks 1992, Walters et al. 1992).

Field and analytical techniques appropriate to
large-scale experiments are being developed (W&ers
1986. 1993; Carpenter 1990; Walters and Helling
1990: Eberhardt and Thomas 1991; Underwood
1993%  199-i). Experimental management programs
are planned or underway in several geographic loca-
tions on a variety of topics of particular interest to
wildlife researchers and managers (Lancia et al.
1993). Such “management as experimentation”
(Macnab 1983:398) must be a high priority for the
wildlife profession in the decades to come.

Adaptive  re source  m anage m e nt-
a “ne w ” union

“Adaptive Resource Management” (ARM) is an ap-
proach to management that acknowledges uncer-
tainty and the need to learn (Walters 1986, 1993).
The term “adapt&”  refers to managers learning
about systems as they attempt to manage them. Us-
ing system responses to update and evaluate system
models reduces the uncertainty associated with fu-
ture management decisions. In adaptive resource
management, learning is not simply a byproduct, but
is formally acknowledged as an integral objective of
the management process. Thus, management ad-
dresses the dual objectives of learning and system
performance. The trick is to establish a reasonable
balance between the two that will lead to optimal
long-term performance. Under this management ap-
proach, learning and reducing uncertainty are valued
to the extent to which they contribute to improve-
ment in long-term system performance.

The goal of the researcher is to obtain increased
knowledge about how a particular system works (e.g.,
about population dynamics and why a population be-
haves as it does), whereas the goal of a manager in-
volves some desired system response (e.g., sustained
ecosystem integrity or a change in population size).
Initially, it would appear that the different goals of re-
searchers and managers might be a source of conflict
that could preclude effective collaboration. How-
ever, in the presence of some uncertainty (e.g., about
population dynamics and responses to management),
these goals converge because progress toward de-

sired outcomes increases when uncertainty is re-
duced through learning. Importantly, too, adaptive
management can help to evaluate whether what is
perceived as a “desired” outcome of management is
still, in the light of new knowledge. desirable or even
attainable. Thus, adaptive management can lead to an
inspection of values and implicit assumptions that fre-
quently underlie management policies.

From the perspective of a researcher. adaptive re-
source management offers the practical advantage of
working with managers so that a factor of interest
can be manipulated at sufficient scales, with ade-
quate replication and statistical power, to )-ield reli-
able inferences. For example. hunting regulations
can be structured so that hypotheses about den-
sity-dependent natality or mortality can be tested
(Gratson et al. 1993); the resultant, improved knowl-
edge then can be used to improve hunting regula-
tions. The expense of these large-scale experiments
cannot be borne exclusively by research budgets-
the historical absence of these experiments is testi-
mony to this fact.

Although management of natural resources often is
characterized by uncertainty and conflicting  informa-
tion, administrators are asked frequently to choose the
“best” approach. Researchers typically argue that man-
agement should not be undertaken until more is
known, yet they seldom seem to agree about what is
enough. IManagers,  on the other hand, typically re-
spond based on their intuition and experience, and
pressed to solve a problem before it worsens, contend
that enough is known to proceed with management.
To make matters worse, when the need for quick action
is perceived, solutions may be implemented in ways
that make it difficult to evaluate whether management is
successful, and if not, why not. Adaptive management
offers a potential solution to these dilemmas by encour-
aging research and management to be conducted simul-
taneously as one coordinated endeavor which should
reduce uncertainty and improve management.

It might be argued, of course, that in some cases
current wildlife management is “adaptive.” The iter-
ative setting of harvest quotas (e.g., for waterfowl
species) is a kind of trial-and-error approach that may
allow for recognition of errors (harvests too high or
too low) and some post-hoc remedial action. How-
ever, this permits only a limited opportunity for
learning about how, or even whether it is possible, to
reduce uncertainty associated with setting harvest
quotas, unless the rationale for harvest quotas is
based on a working functional hypothesis, or a set of
models, about how and why the system (waterfowl
population dynamics) works (Johnson et al. 1993,
Walters 1993). Without the concomitant use of pre-
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dictions about system  b e h avior and  adequate invest-
m ents in m onitoring, it is difficult to und e rstand  h ow
and  w h y th e system  functions th e  w ay it doe s. W h en
com peting explanations for h ow  th e system  ope rate s
are  treate d  as h ypoth e s e s , and evaluation is an inte -
gral part of ongoing m anagem ent program s, th en
learning about th e system  is accelerated. It sh ould b e
clear too, h ow eve r. th at adaptive  m anagem ent is nei-
th e r trial and  e rror nor “m uddling th rough ,” nor is it
consistent w ith  th e  i d ea th at, for w ildlife  re s earch e rs
and  m anage rs, it can be “business as usual.” Ind e e d ,
to b e  cred ible , th e  w ildlife  re s earch  and  m anagem ent
com m univ w ill ne ed  to b e  vigilant for case s  w h e re
m anagem ent actions are undertak en, and  justifi ed  as
adaptive  m anagem ent, w h en th ey are not.

A d m inistrators benefit from  adaptive  m anagem ent
because it leads  to d ecisions th at are  optim al w ith  re -
spect to m anagem ent objectives. A d m inistrators can
also benefit by funding sound  m anagem ent expe ri-
m ents (i.e., ad e q uate  controls and  replications of
planned  m anagem ent inte rventions) because th ey
can gauge  th e  e ffectiveness  of various m anagem ent
scenarios ‘and  can im prove understanding of w h y a
particular action succe ed s  or fails. A d aptive pro-
gram s include periodic adjustm ents to m ak e  full use
of new  inform ation. In unce rtain environm ents,
m anagem ent d ecisions carry som e  risk , e specially if
one  m anagem ent option preclude s  future  options.
A d aptive  m anagem ent pe rm its ad m inistrators and
m anage rs to h e dge  th e ir b ets  b ecause th ey are not
com m itted  to a single  m od el (and  corresponding
m anagem ent strategy) but can consider s eve ral si-
m ultaneously. Costly problem s. unfores e en  w h en
m anagem ent is initiated , m ay be  d i scovered  and  rec-
tifi ed  early in th e proces s. Th us, if re s earch e rs and
m anage rs collaborate , th e  additional sh ort-te rm  costs
of e stablish ing an adaptive  m anagem ent program  be -
com e  an integral part of th e  cost of sound  m anage-
m ent and s h ould b e  recouped over th e  long run.

Effective im plem entation of adaptive  m anagem ent
program s and  re lated  m anage m ent e xpe rim ents w ill re -
q uire  som e  w ildlife  re s earch e rs to ch ange  traditional
view s of th e ir roles. R e s earch e rs m ay h ave  to accept
som e  com prom ise  and  constraints in des igns for
large-scale  expe rim ents (Nich ols 19 9 1, Pim m  19 9 3).
Id eally, apriori  pow e r analyses, random iz ation of m an-
agem ent treatm ents, and  replication sh ould ch aracte r-
iz e  planned  m anage m ent m anipulations (Sch m iege low
and  H arm on 19 9 3). More  re alistically, h ow eve r, repli-
cations and random iz ation w ill be  constrained  to som e
d egre e. Fre q uently ad aptive  m anagem ent w ill be
bas ed  on ongoing m anagem ent program s. R e gardless ,
w h at w ill b e  m ore im portant th an th e particular k ind of
investigation pe rform e d  w ill b e  th e  atte m pt to le arn, by

te sting com peting h ypoth e s e s , h ow  and  w h y w ildlife
system s  b e h ave  as th ey do (Sinclair 19 9 1).

R e s earch e rs, to b e  cred ible , w ill also ne e d  to exam -
ine care fully th e ir roles  as advocates  on various sides of
w ild life issues in th e political arena (Brussard  et al.
19 9 4). Scientists can neve r be sure  th at th e ir analyses
are not com prom ised by th e ir pe rsonal expe rience s
and  values (D e ck e r et al. 19 9 1). W ildlife  scientists w iU
continue to be intensely scrutiniz ed  by  an increasingly
educated public (Murph y and Noon 19 9 1). so our sci-
ence  m ust b e  objective  and  above  reproach . especially
w h en th e  b e st, reliable  k now ledge  conflicts w ith  our
ow n values. A d opting a rigorous, h ypoth e tico-deduc-
tive  approach  w h e reve r possible  s h ould m inim iz e  th e
influence  of personal values and bias e s  on th e  results
of w ildlife  re s earch  (R om esburg 19 81, lMurph y  19 9 0).

Finally, m anage rs as w e ll as re s earch e rs w ill h ave  to
adjust th e ir approach , e specially in areas of planning
and im plem enting m anagem ent program s, b ecause
adaptive  m anagem ent is a proces s  of h ypoth es iz ing
h ow  ecosystem s w ork , m onitoring results, com paring
th em  to expectations, and  m odifying m anagem ent to
bette r ach i eve  objectives  th rough  im proved  und e r-
standing of ecological proces s e s  (H anIey  19 9 4). Man-
age rs s h ould look  for opportunities  for replication and
random iz ation. Th ey w ill h ave  to accept som e invest-
m ent of tim e  to allow  im plem entation of ad aptive
m anagem ent. Lik e w ise, adm inistrators m ust provide
lead e rsh ip th at w ill encourage  role  ad justm ents for
both  m anage rs and  re s earch e rs. Th e s e  s h ifts are  e s -
sential for science  and policy to m ature  (H anley 19 9 4).

R e se arch  prioritie s
W e  do not identify specific re s earch  topics for th e

future  b ecause th e re  are s im ply too m any im portant
q ue stions to ask , and priorities  w ill ch ange  continu-
ously th rough  tim e  and  across d iffe rent regions.
R ath e r, w e sugge st a fundam ental sh ift in th e  w ay alI
w ildlife b iologists, including research e rs, m anage rs.
adm inistrators, and  acad em icians, pe rceive  and  con-
duct re s earch  and  m anagem ent. Concom itant w ith
th is sh ift is th e  ne ed  to concentrate  m ore  re s earch  e f-
fort on re ve aling and  clarifying basic, fundam ental bio-
logical and  ecological principles; w ith out th em , m an-
agem ent of natural re source s  w ill contain an unac-
ceptably large  am ount of unce rtainty. Th us, th e
bridge  b etw e en applied and  basic science  ne eds  to b e
w idened for m ore intellectual traffic in both  directions
(R om esburg 19 9 1). H ow eve r, w e  also m ust retain a
firm  com m itm ent to traditional strength s of applied
m anagem ent w h ich  re q uires  understanding species -
population m anagem ent, as w ell as th e  m ech anism s
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In summer of 1992, Alan Wentz, who was TWS President at the
time, established an ad hoc technical review committee on
wildlife research. Members representing state agencies (C&t E.
Braun and Wayne R. Porath), federal agencies (Michael W. Co/-
lopy, lohn C. Kie, Clifford 1. Martinka, lames D. Nichols, and
Nancy C. Jilghman),  and academia (Raymond D. Dueser,
Thomas D. Nudds, and Richard A. Lancia) comprised the com-
mittee. President Wentz charged them with documenting I’... the
contribution of wildlife research toward resource stewardship,
identify future needs, and recommend wildlife research priorities
to meet future wildlife resource conservation challenges” with the
intent that TWS Council would consider the report for a technical
review publication. Rather than simply recapitulating past re-
search successes and shortcomings, the committee chose to pur-
sue a more philosophical approach intended to help shape the fu-
ture of wildlife research and management. Several drafts were
submitted to TWS Council over the succeeding years. Council
chose not to adopt the committee’s report, but suggested that it be
submitted as an essay to the Bulletin. The version published here
is a slight revision of the original report to Council. Dr. Richard A.
Lancia, Professor of Forestry and Zoology at North Carolina State
University, was chairman of the ad hoc committee and therefore
is the senior author.


